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Experimental evidence has shown that people 
with Parkinson's disease have deficits in the 
initiation and execution of movements. The 
delay in response initiation may be due to 
impairment in the organisation ortranslation of 
motor programs into muscle actions. The 
slowness in the execution of simple movements 
may result from inappropriate scaling of muscle 
activity, defective predictive function or 
defective inemoryforthe computed forces. Extra 
slowness in the execution of complicated 
concurrent movements appears to be a result of 
deficitsinswitchingfrom one program to another 
within a motor plan in sequential movements, 
orin superimposition of motor programs to form 
a motor plan in simultaneous movements. 
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Movement dysfunction in 
patients with Parkinson's 
disease: A literature review 
.y. . he motor disabilities of individuals 
with Parkinson's disease have been 
a popular subject for investigation 
(Evarts et a11981, Flowers 1975 and 
1976, Hallett and Khoshbin 1980, 
Schwab et al 1954, Wilson 1925). Such 
patients have been demonstrated to 
have various motor abnormalities 
which include delay in the initiation of 
movements, slowness in the execution 
of mOYernents and problems in 
arresting or changing sequential 
patterns of motor actions (Angel et al 
1970, Draper and Johns 1964,Joubert 
and Barbeau 1969, Marsden 1982). 
Despite extensive research, the 
underlying mechanisms responsible for 
the motor impairments have remained 
controversial. This literature review 
attempts to explain some aspects of the 
motor deficits displayed by those who 
have Parkinson's disease in terms of 
the mechanisms of motor control and 
information processing. 
An examination of mechanisms 
underlying normal movement control 
will be the initial focus of this 
discussion. Such information is 
essential to the understanding of any 
abnormal motor behaviors observed in 
patients with Parkinson's disease. 
Normal control of movement 
A variety of theories haveheen 
proposed to explain the control of 
motor behavior. These have been 
extensively reviewed by Meijer and 
Roth (1988) and Reed (1982). For the 
purpose of this discussion, two major 
theories are considered. A peripheral 
control model (feedback control) 
which emphasises the role of sensory 
feedback in the control of movements 
has been proposed by Adams (1971) 
and Adams and Goetz (1973). The 
alternative model stresses the central 
control mode (prograIIi. control) and 
argues that the sequence of movement 
becomes stored in memory and can he 
executed without reference to feedback 
(Keele and Posner 1968, Schmidt and 
Russell 1972). 
Schmidt (1980) has suggested that 
each mode of control is operational for 
certain kinds of responses or .at certain 
times within a response. For example, a 
task which has a longer rnoverne11t 
duration, or requires a high degree of 
accuracy and attention appears to he 
under feedback control (Keele and 
Posner 1968, Klapp 1975. Schmidt 
1976). On the other hand, a rapid task 
with little requirement for accuracy is 
more likely to be under programmed 
control (Evarts and Tanji 1974, 
Schmidt 1980 and 1982). 
Centrally controlled movements are 
governed by generalised motor 
programs (Carter and Shapiro 1984, 
Schmidt 1975 and 1976). The 
generalised motor program view holds 
that the motor program contains the 
general characteristics of a movement-
which can meet a variety of 
environmental demands. When a 
specific response is required, certain 
parameters will be added to the 
generalised motor program to specify 
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the details of the movement. 
The basic sequence of operation 
involved in the consttuctionofa motor 
program has been described by 
Glencross (1980), Pew (1984) and 
Summers (1989). Motivation and 
stimulation serves to select a goal. 
Once the goal has been selected, the 
response units necessary for the 
formulation of the generalised motor 
program are chosen, assembled and 
organised. Thus, each motor program 
consists of a set of motor commands 
specifying the order, timing and 
amount of muscle contraction to meet 
the specific demands of the 
environment or the desired goal of the 
performer. Once these parameters 
have been established, the motor 
program is translated into a format 
suitable for the motor system so that it 
is made ready for initiation. Then the 
response is executed and terminated. 
The sequence of events required for 
the performance of a normal motor act 
is illustrated in Figure 1. 
Evidence for the suggestion that 
processing of information is involved 
in the construction of a motor program 
is provided by studies employing 
parameters such as reaction time and 
movement time (Carter and Shapiro 
1984, Schmidt 1976 and 1982). 
Reaction time (RT) isa measure of the 
time elapsed from the presentation of a 
stimulus to the beginning of a response 
to that stimulus (Schmidt 1982), and 
has been identified as an index of the 
measurement of information 
processing of the mOtor program in 
normal individuals (Henry and Rogers 
1960, Sternberg et aI1978). 
It has been demonstrated that RT 
becomes longer with an increase in 
movement distance and degree of 
terminal accuracy (Glencross 1973 and 
1977, Klapp 1975), a decrease in 
average velocity (Falkenberg and 
Newell 1980, Sheridan 1981) and an 
increase in the number of response 
components (Fischman 1984, Henry 
and Roger 1960, Monsell and 
Sternberg 1976). 
Movement time (MT) is defined as 
the time taken in the execution of a 
movement once it is initiated (Schmidt 
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Figure 1; Model which describes the 
performance of a normal motor act 
I (Adopted from Marsden. 1984). L ______________ __ 
1982), and is used as an index of 
information processing requirements 
during the movement (Laszlo and 
Livesey 1977). The effects of accuracy 
and amplitude of the movement on 
MT is predicted by Fitt's Law (1954). 
This law predicts that movement of 
greater amplitude and precision would 
take a longer time to execute because 
of the difficulty in processing the 
information during the movement. 
This relationship has been found to 
hold for movements with great 
variations in amplitude and target 
width (Schmidt et al1978) and for MT 
ranging from 1 00 through 900 
milliseconds (pew 1966 and 1974). 
While the movement control 
paradigms used to describe the control 
of movement in normal individuals are 
valuable constructs, it is not clear how 
they relate to those individuals who 
have central nervous system (CNS) 
dysfunction such as Parkinson's 
disease. The following discussion is 
centred on the initiation and execution 
of movements in such a patient 
population in order to explain some of 
the possible causes of the movement 
difficulties they manifest. 
The conceptualisation of the 
mechanisms causing the motor deficits 
is of importance to physiotherapists 
since it may help to clarify the nature 
of the deficit and improve the 
assistance offered to patients in the 
process of rehabilitation. 
Initiation of movements in 
patients with Parkinson's disease 
Investigators have employed RT to 
reveal impairment in the initiation of 
movement in patients with Parkinson's 
disease (Evarts et al1981, Flowers 
1975 and 1976, Wilson 1925). The 
processes of selection and assembly of 
motor programs, the execution of 
motor programs, and the pre-
programming of very simple 
movements have been the most fruitful 
areas of investigation. 
Selection and assembly of 
motor programs in patients with 
Parkinson's disease 
The first quantitative measures of 
simple visual RT in Parkinson's disease 
indicated that such patients required 
120 milliseconds (ms) more than 
normal individuals to initiate a 
movement (Wilson 1925). Although 
some subsequent investigations 
supported WIlson's findings (Evarts et 
al1981, Heilman et aI1976), other 
studies found that RT deficits were 
trivial. Some authors even reported no 
impairment in RT in patients with 
Parkinson's disease (King 1959, 
Schwab et al1954, Talland 1963). 
Some of the diversity of the various 
findings related to RT in individuals 
with Parkinson's disease can be 
attributed to the characteristics of 
patients selected for the studies, the 
tasks utilised and the experimental 
conditions under which they were 
performed (Evarts et a11981, Rafal et 
al1987; Warabi et aI1986). 
Evarts, Teravainen and Caine (1981) 
have suggested that in assessing RT in 
patients with Parkinson's disease, the 
range of symptoms and the varying 
severity of the disorder within any 
group as well as the kind of movement 
being performed and the degree of 
complexity of the task must be 
considered. 
Evarts et al (1981) have reported the 
evaluation of RT using a visual signal 
to prompt pronation-supination of the 
forearm. A high degree of varIability 
both between subjects and within 
subjects at different times of the day 
was detected. Even in a patient with 
bilateral involvement, delayed RT may 
be evident in only one arm. These 
results appear to suggest that the time 
taken to initiate a movement (RT) and 
the time taken to execute a movement 
(MT) are prolonged in people with 
Parkinson's disease. Overall, MT was 
reported to be more consistently and 
profoundly affected than RT in those 
with Parkinson's disease. 
The same authors have studied 
choice RT in a task in which there 
were two stimuli and two responses. 
The time taken to react when there 
was .a choice between these stimuli was 
examined. 
E'Vartse!: al (1981) hypothesised that 
if a selective impairment in the speed 
of formulating or assembling a central 
motor program in the population with 
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Parkinson's disease existed, choice RT 
should be selectively impaired. 
However, the results indicated that 
choice RT did not exceed simple RT 
by any greater amount than that found 
in the normal control group. This 
finding was considered by these 
authors to imply that there was no 
impairment in the speed of response 
selection. 
Recently, Bloxham et al (1984) and 
Stelmach et al (1986) have described a 
similar investigation employing a two-
choice and a more complicated eight-
choice RT task respectively. Both 
groups also observed that although 
patients with Parkinson's disease were 
slower than controls in the simple RT 
condition, they were not different from 
controls in the performance of a choice 
RTtask. 
All of these findings appear to suggest 
that those with Parkinson's disease do 
not demonstrate deficits in selection of 
central motor programs prior to the 
initiation of movements. However, in 
all the experimental situations 
described, subjects were instructed to 
generate very simple movements, such 
as wrist rotation (Evarts et aI1981), 
and finger lifting (Bloxham et alI984). 
Evarts et al (1981) particularly have 
commented that with no components 
of accuracy or extent required, 
programming in these studies was 
likely to be minimal. Thus, the failure 
to. find a selective impairment of choice 
RT should not be taken as an 
indication that patients with 
Parkinson's disease have no disorder in 
the ability to call up motor programs. 
To further investigate motor 
program selection in people with 
Parkinson's disease, Sheridan et al 
(1987) studied choice RT by adding 
different degrees of accuracy constrain!: 
wthe responses required. The increase 
in response complexity may have 
increased the difficulty ohhe motor 
programming process. The subjects 
were instructed to make movements to 
a target, and simple and choice RT 
were measured. 
Using EMG activity as a measuring 
parameter, RT was fractionedinto pre-
motOr and motor componenJ:s .. Pre-
motor RT was defined as the interval 
between the onset of the stimulus and 
the first sign of heightened EMG 
activity above the resting EMG at the 
motor point region of the prime mover 
muscle (Weiss 1965). Pre-motor RT 
was used in this study because it 
represented the time needed to 
centrally select, assemble and translate 
the appropriate commands to the 
musculature responsible for initiating 
the desired response. 
As a result of these investigations, 
Sheridan et al (1987) reported that pre-
motor RT was significantly longer in 
patients with Parkinson's disease than 
for normal age-matched controls in the 
simple RT condition. The same 
finding was not found to pertain in the 
choice RT condition. All the above 
observations appear to suggest that 
people with Parkinson's disease do not 
have difficulty in selection and 
formulation of appropriate motor 
programs prior to the initiation of the 
movement. 
Organisation and translation of 
motor programs in patients with 
Parkinson's disease 
Once the motor program has been 
selected and assembled, it must be 
organised to specify the spatio-
temporal sequence for activation of 
individual muscles (Sternberg et al 
1978). Thereafter, the motor program 
is translated into muscle action (pew 
1984, Summers 1989). The 
impairment in the initiation of 
movements in those with Parkinson's 
disease may be caused by the 
disruption of these later stages of the 
motor programming process. 
Sternberg et al (1978) reported that 
in normal subjects, the time taken to 
initiate the first component of a motor 
sequence (either spoken or 
typewritten) increased linearly as a 
function of the length of the entire 
sequence to be produced. As proposed 
by Sternberg et al (1978), a motor 
program inust he loaded into and read 
out from a previously constructed 
program (motor buffer). As theJength 
of the sequence is increased, so is the 
time required to load into and read 
from the motor buffer. This increase in 
... 
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programming time results in an 
increased initiation latency of the first 
component in the sequence and is 
defined as the length effect. 
Rafal et al (1987) have suggested that 
this length effect can be used to study 
motor programming in a way which is 
independent of rigidity or other 
factors which may affect RT in persons 
with Parkinson's disease. 
Rafal et al (1987) instructed a group 
of subjects with Parkinson's disease to 
execute finger press sequences with 
one (index finger), two (index-ring 
finger) or three (index-ring-middle 
finger) components. It was suggested 
that if a motor programming process 
was inferred, a length effect would be 
detected as the length of the sequence 
increased. If the patients were not able 
to process the information of a 
sequence to be executed, they would be 
obliged to initiate each component of 
the sequence as a separate movement. 
The latency of the index finger 
response would not be expected to 
have increased as a function of the 
length of the entire sequence. 
The results demonstrated that 
although those with Parkinson's 
disease were slower than the control 
subjects in initiating and executing 
sequential finger movements, the 
length effect measured was equal to 
that of the control subjects. This 
outcome was reported as indicating 
that basal ganglia dysfunction did not 
affect the loading of the motor 
program into the motor buffer nor did 
it appear to slow the speed of searching 
the motor buffer. Furthermore, no 
significant difference in inter-response 
latencies between the group with 
Parkinson's disease and the normal 
controls was observed. 
This finding was interpreted by Rafal 
et al (1987) as revealing that motor 
programming was effective in 
facilitating the efficient execution of 
the individual responses within 
integrated sequences and that, in this 
regard, those with Parkinson's disease 
were not distinguishable from the 
control subjects. 
Based upon this work, Rafal et al 
ORIGINAL ARTICLE 
(1987) concluded that patients with 
Parkinson's disease were slower than 
control subjects in initiating and 
executing sequential finger movements 
under simple RT conditions. They 
found no evidence, however, that this 
slowing was caused by an inability to 
organise response units prior to the 
initiation of a movement, or to retrieve 
sub-programs for execution. 
The response organisation stage was 
investigated also by Glencross and 
Tsouvallas (1984) who reported a 
result which differed markedly from 
that of Rafal et al (1987). Subjects with 
Parkinson's disease were instructed to 
perform a choice RT task with release 
of either arm in response to 
proprioceptive stimuli. 
A compatible response was the 
release of the same arm as indicated by 
the stimulus and an incompatible 
response was the release of the 
opposite arm. Results were found to 
indicate that RT was delayed when 
initiating an incompatible response. 
The difficulty in the initiation of the 
incompatible response was suggested 
to be caused by an impairment in the 
response organisation (Glencross and 
Tsouvallas 1984). With the increase in 
the response complexity, the patients 
exhibited difficulty in organising the 
response units into an appropriate 
spatio-temporal sequence, and this 
contributed to the slowing and 
disruption of the RT in patients with 
Parkinson's disease. 
The findings reported by Glencross 
and Tsouvallas (1984) and Rafal et al 
(1987) may be explained by the 
difference in the responses demanded 
in the two studies, both in the muscle 
actions employed and the amplitude of 
the movement. In one study (Rafal et 
aI1987), subjects were required merely 
to perform finger key pressing 
movements, while Glencross and 
Tsouvallas (1984) asked the subjects to 
release the forearm in response to a 
stimulus. 
The amount of information 
processing in the response organisation 
stage may have varied in the two 
experimental situations and thus the 
impairments detected could be 
expected to differ. Further study of 
this aspect employing more complex 
response modes could be helpful in 
clarifying the extent of impairment in 
the response organisation stage for 
patients with Parkinson's disease. 
Besides the deficits in the response 
organisation stage, the delay in the 
initiation of movement may be caused 
by a defect in the translation of motor 
programs into muscle action. 
This phase of motor programming 
has been investigated by Angel et al . 
(1970). Two groups of subjects, 
Parkinson's disease patients and 
normal individuals participated in this 
study. They were asked to respond by 
appropriate arm movement to a visual 
target which jumped unexpectedly to a 
new position. 
In 50 per cent of trials, the visual 
display of the joystick movement was 
reversed which resulted in subjects 
moving the cursor in the wrong 
direction. People with Parkinson's 
disease made no more false moves than 
control subjects. In other words, they 
had no difficulty in perceiving the 
visual stimulus or in selecting the 
correct motor response. However, as 
might be expected, they were slower to 
initiate and execute correct moves. 
The key observation of this study 
appears to be that those with 
Parkinson's disease took longer to stop 
and correct false moves than normal 
subjects. The delay in arresting false 
moves could not be attributed to 
rigidity as this would have tended to 
hasten the end of the movement. 
Angel et al (1970) suggested that 
there was faulty transmission of motor 
commands from the decision-making 
system to the effector mechanisms. 
The delay was described as occurring 
within the higher centres where the 
motor decisions were made, prior to 
the commands being relayed to the 
spinal cord. Although the authors 
suggested that patients had no 
difficulty in perceiving errors or in the 
preparation of the appropriate motor 
programs, the delay in the transmission 
of information within the higher 
centres resulted in failure to translate 
the motor programs into muscle 
action. Angel et al (1970) have 
emphasised that it is the delay in 
central motor programming that leads 
to slowness in correcting false moves. 
The observations derived from these 
studies (Angel et al1970, Glencross 
and Tsouvallas 1984, Rafal et al1987) 
can be summarised to suggest that, 
while deficits may occur in the 
organisation of the motor program, 
there may also be a defect in the 
translation of the motor program into 
appropriate muscle action. 
It seems that the dysfunction of the 
basal ganglia may cause a breakdown in 
the interaction between higher centres 
which leads to delays in the translation 
of the motor program into appropriate 
muscle activity. However, since the 
research related to this area is limited, 
the underlying mechanisms of a delay 
in the organisation and translation of 
motor programs prior to the initiation 
of movement remain open to question. 
Initiation of pre-programmed 
movements in patients with 
Parkinson's disease 
To this point, our discussion has 
dealt with programmed movements 
which require selection and 
construction of motor programs after 
the stimulus has been detected. 
However, there are short, rapid 
movements which are so simple that 
pre-programming can occur prior to 
the onset of a stimclus (Hayes and 
Clarke 1978). 
In initiating a simple (preview/ 
precue) RT task, the normal subject 
can reduce the RT by selecting and 
preparing (pre-programming) the 
movement before entering the RT 
period. This is because the subject can 
predict the motor program required 
from advance information and hold it 
for a short period beforetriggering it 
when the imperative signal appears. 
Pre-programming is considered to be 
important for learning and execution 
of smooth integrated movements, and 
a necessary basis for the development 
of fast ballistic movements and many 
motor skills (Flowers 1975, Sheridanet 
al1987). 
In employing a simple tracking RT 
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task, Flowers (1975) found that 
patients with Parkinson's disease 
recorded RTs which were longer than 
those of normal subjects, both for 
initiating and for stopping movements. 
Based upon this finding, Flowers 
(1975) concluded that such patients 
had a diminished facility for producing 
accurate, fast, pre-programmed 
movements. Such pre-programmed 
movements in normal subjects are 
considered to have the capacity to 
overcome the temporal limitation of 
RT. 
A loss of prediction in the selection 
or performance of movements is likely 
to make it difficult for patients with 
Parkinson's disease to execute skilled 
movement. The inability of these 
subjects to utilise the advance 
information further suggested to 
Flowers (1975) that those with 
Parkinson's disease rely on current 
sensory information for ongoing motor 
control and perform all actions at a 
slow and steady pace so that a 
reasonable degree of control may be 
maintained. 
Using a series of pursuit tracking 
tasks to trace visual displays, Flowers 
(1978 a and b) subsequently 
demonstrated that patients with 
Parkinson's disease were less accurate 
than control subjects when tracking a 
known sine wave, and that they tended 
to follow the target with a greater 
tracking lag. Furthermore, the patients 
showed little or no improvement when 
tracking a known sine wave compared 
with an irregular wave-form generated 
by a noise signal (Flowers 1978 a). 
The conclusion drawn was that 
patients with Parkinson's disease have 
difficulty in incorporating prediction 
into their motor controL 
Day et al (1984) selected a series of 
100 visual tracking tasks to investigate 
this same aspect of performance. The 
target movementpattems chosen by 
these authors for the first 50 trials were 
all different, but for the remaining 50 
trials were identical. When the task 
was made repetitive, some learning was 
Seen to occur and, if the subject made 
use of this advance information, a small 
progressive reduction in tracking error 
was recorded. 
Day et al (1984) found that the 
patients with Parkinson's disease were 
capable of adopting a predictive mode 
of tracking when they were aware of 
the repetitive nature of the final 
section of the task. This was 
demonstrated by a reduction in the 
tracking lag to a duration well below 
visual RT. The authors argued that 
patients with Parkinson's disease could 
adopt predictive strategies, however 
they appeared to be unable to make use 
of predictive action to reduce tracking 
error to the same extent as normal 
control subjects. 
Some agreement with the findings of 
Day et al (1984) can be identified in 
the work of Bloxham et al (1984). This 
latter group of authors have reported 
that patients with Parkinson's disease 
appeared to have no difficulty in 
making use of advance information to 
predict the target movement if there 
was no initiation point in the 
movement, for example, in a 
continuous circular tracking task. 
However, the patient group still 
demonstrated delay in the initiation of 
a simple RT task. 
Bloxham et al (1984) offered the 
explanation that in a pre-programmed 
movement, part of the motor program 
may be stored in the interval between 
the cue and the responding signal. The 
failure to initiate a pre-programmed 
movement may be due, therefore, to a 
failure in the maintenance of motor 
plans between the cue and the 
response. 
In the choice RT study of Sheridan et 
al (1987), subjects were required also 
to perform a simple non-aiming RT 
task in which pre-programming could 
be used. These authors found that 
patients with Parkinson's diseas~ were 
unable to make use of advance task 
information to reduce RT in .a simple 
no-aiming RT condition. In addition, a 
greater within-:subject variability in RT 
was detected in such patients. . 
Sheridan et al (1987) reported that 
basal ganglia dysfunction might result 
in a decreased ability to maintain 
motor programs in memory and 
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suggested that the program might 
degrade more quickly. The causes 
might be both increased system noise 
and interference due to programming 
of other responses. 
Although the motor program may 
not be lost in its entirety, aspects of it 
may need to be recomputed. This 
would account not only for the longer 
simple RTs observed in the group with 
Parkinson's disease, but also for the 
increased within-subject variability 
reported by Sheridan et al (1987). 
Thus in a simple RT situation, those 
with Parkinson's disease are likely to 
be slower to initiate movements, and 
more variable in the time taken to 
initiate the movement than age-
matched normal controls. 
All these studies point to the 
conclusion that in a simple RT 
situation, patients with Parkinson's 
disease are slower to initiate simple 
rapid or skilled movements, probably 
because they have difficulty in using 
advance information to initiate or 
select a pre-programmed movement. 
Execution of movements in 
patients with Parkinson's 
disease 
In addition to the many investigations 
of factors which affect the initiation of 
movement in those who have 
Parkinson's disease, the disruption of 
movement execution in this population 
has been actively researched. 
Movement time (MT) has been 
employed for these investigation. 
Most of the studies have emphasised 
the difficulties these patients have in 
executing ballistic movements (Hallett 
and Khoshbin 1980); or in completing 
individual aiming movements 
(Sheridan et al 1987); or in carrying 
out two actions simultaneously 
(Schwab et aI1954). 
The nature and thecllnical 
implications of such difficulties is of 
particular relevance to this discussion. 
Executronof ballistic 
movements in patients with 
Parkinson's disease 
It is well known that rapid intentional 
ORIGINAL ARTICLE 
limb movements in patients with 
Parkinson's disease are slower than 
those of normal individuals (Berardelli 
et a11984, Draper and Johns 1964, 
Flowers 1976, Hallett and Khoshbin 
1980). However, the underlying cause 
of this difference is not clear. 
Flowers (1975) has made several 
important observations based upon his 
studies of ballistic movements 
performed by patients with Parkinson's 
disease. Short ballistic movements 
were found to be accomplished at 
normal speeds while larger ballistic 
movements were performed more 
slowly by the neurologically impaired 
subjects. 
In a subsequent study in which a 
series of steps of different distance 
were employed, Flowers (1976) 
elaborated on this point. Normal 
subjects were found to accomplish each 
of the different steps in the same time 
period, that is, longer movements were 
made with greater speed. Patients with 
Parkinson's disease, however, made all 
the movements with a single, slow 
speed, requiring a longer time frame 
for movements of larger amplitude. 
This finding has been reinforced by 
other authors (Brown and Cooke 1981, 
Tang and Rymer 1981). . 
Hallett and Khoshbin (1980) have 
taken this point further to show that 
the inability of patients with 
Parkinson's disease to make large-
amplitude ballistic movements is likely 
to be due to a failure to activate 
muscles correctly. Normal subjects and 
those with Parkinson's disease were 
instructed to perform graded ballistic 
elbow flexion movements through 10, 
20 and 40 degrees, and EMG activity 
of the elbow flexors was examined. 
Results indicated that normal 
individuals made all these movements 
in the same amount of time with a 
single triphasic EMG pattern of 
agonist, antagonist and agonist burst. 
In contrast,aimost all patients with 
Parkinson's disease required additional 
cycles of alternating biceps and triceps 
activity .to execute fast, large amplitude 
movements, largely because the initial 
agonist burst was inadequate to achieve 
the required target. Although 
activation (energising:) of the muscle 
was impaired, timing and muscle 
selection remained intact. 
From these findings, Hallett and 
Khoshbin (1980) have suggested that 
failure to activate or appropriately 
energise the agonist muscle may be 
responsible for the bradykinesia of 
Parkinson's disease. 
However, Berardelli et al (1986) have 
argued that it is an oversimplification 
to claim that in Parkinson's disease, a 
strictly limited amount of energy is 
responsible for constraining fast 
movements. By comparing wrist 
flexion movements of 15 degrees and 
60 degrees, Berardelli et al (1986) 
reported that the amount ofEMG 
activity in this movement did not 
saturate, but could be modulated, 
within limits, to the size of the 
movement required. Furthermore, if 
there were a limited amount of energy, 
well supported movements involving 
activity in the prime mover muscle 
alone, would be less affected than 
unsupported movements which 
involved additional activity in many 
postural muscles. 
Hence, more impairment would be 
expected in the movements involving 
proximal muscles (Lakke 1985, Martin 
1967), however, this was not found to 
be the case. Berardelli et al (1984) 
reported that the slowness of thumb 
movements was the same, irrespective 
of whether the thumb phalanx was 
supported or not. Moreover, a recent 
study by Weinrich et al (1988) 
reported that the same extent of 
impairment occurred in the execution 
of axial head movement and distal wrist 
movement in patients with Parkinson's 
disease. 
It may be concluded from these 
findings that movement in individuals 
with Parkinson's diseasernay bes16wer 
overall because the agonist burst of 
muscle activity is probably 
inappropriately scaled to the 
movement amplitude and velocity. The 
question to beenmined then is why 
such patients cannot produce an . 
appropriate increase in the EMG burst 
to match the size of the movement? 
Although minor perceptual changes 
have been documented in Parkinson's 
disease (Marsden 1982), the patient 
populations studied generally have 
appeared to understand fully the 
nature of the tasks employed in the 
various experimental situations. They 
both appeared to know what to do and 
realised when they have failed. One 
possibility proposed to explain the lack 
of appropriate EMG activity observed 
is that while the correct signal may be 
sent out from the motor cortex, it fails 
to activate the spinal cord 
appropriately because of some defect in 
the corticospinal pathway (Berardelli et 
al 1986). However, Dick et al (1984) 
have shown that in Parkinson's disease 
the corticomotoneuron connection is 
intact even in bradykinetic patients 
receiving no treatment. 
Another possible explanation has 
been provided by Berardelli et al 
(1986). These authors have suggested 
that in those with Parkinson's disease it 
is the command sent to the motor 
cortex which appears to be incorrect 
(Berardelli et aI1986). 
The patients seemed to 
underestimate the muscle activity 
required for a particular movement. 
There appeared to be a breakdown of 
the link between perceptual 
appreciation of what was needed and 
the delivery of appropriate instructions 
to the motor cortex. Why this should 
be so is not clear. 
Single unit recordings for the output 
zones of the basal ganglia (the globus 
pallidus and substantia nigra reticulata) 
in Parkinson's disease patients have not 
been shown to correlate closely with 
levels of EMG activity (DeLong et al 
1983). Perhaps the pre:-motor cortex 
and the supplementary motor area, 
deprived of their normal basal ganglia 
input by the disease process, do not 
provide a compensating signal to the 
motor cortex to match the size of the 
movement required (Berardelli et al 
1986). 
Thus, although there may be no 
impairment in the selection and 
construction of the motor program, 
the output from the motor program 
may be inaccurate because of faulty 
integration within the cortical centres. 
The findings of these studies suggest 
that the changes in the velocity of a 
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single joint movement may provide a 
useful description of the clinical 
changes which are observed in 
Parkinson's disease. However, more 
difficult movements might reveal other 
abnormalities in motor control which 
may explain the motor disability seen 
in these patients (Horne 1973, Talland 
and Schwab 1964). 
Execution of precision 
movements in patients with 
Parkinson's disease 
Sheridan et al (1987) have reported a 
detailed investigation of the execution 
of precision movements. Subjects were 
instructed to move a cursor to aim at a 
target of variable size or variable 
movement amplitude. The difficulty of 
the task was increased by decreasing 
the target size or by increasing the 
movement amplitude. Reaction time 
and MT were measured. As the RT of 
this experiment increased with the task 
difficulty, it was suggested that the 
movement may have been controlled 
by two mechanisms. The first phase 
was presumed to be programmed in 
advance and the second phase was 
controlled by feedback mode as 
suggested by Sheridan (1981). 
Based on the difference in the control 
mode, Sheridan et al (1987) divided the 
MT data recorded into segments 
representing the first half and the 
second half of the movement distance. 
The first half was taken as being more 
likely to reflect the ballistic phase of 
the movement, while the second half of 
the movement involved more of the 
process of feedback control. 
Results indicated that MT of the 
group of patients with Parkinson's 
disease was slower than the normal 
control group. Moreover, the 
difference in MT between both groups 
was found to increase with the increase 
in task difficulty. The delay in the first 
phase ballistic movement may have 
been due to inappropriate scaling of 
the agonist burst to suit the movement 
amplitude as suggested by Berardelli et 
al (1986) and was not considered to be 
related to the increase in precision. 
The second phase of the MT may have 
been changed depending on the 
demand for precision since the greater 
the precision required in the 
movement, the more difficult the 
movement becomes (Fitts 1954). 
The achievement of high precision in 
a controlled movement usually implies 
the increased involvement of visual 
guidance (Crossman and Goodeve 
1963). Therefore, the slowness of the 
patient's movement in relation to the 
increase in precision requirement may 
suggest a delay in visual feedback 
processes. 
Besides the slowness in movement, 
there appears to be a higher inherent 
variability of movement in those with 
Parkinson's disease. That is, they are 
uncertain how far they are going to 
move. In studies which involved visual 
tracking tasks, Day et al (1984) and 
Flowers (1978 a and b) have suggested 
that although patients with Parkinson's 
disease are able to construct an internal 
model of the task, they appear to have 
difficulty in forming a dynamic 
internal model of their own 
movements. As a result, they may not 
be able to make use of predictive action 
to reduce tracking error substantially 
to the same extent as is evident in the 
normal subjects (Day et a11984, 
Flowers 1978 a and b). 
In tasks where accuracy is required, 
the greater movement variability was 
found to be reflected in terms of 
lengthened MT and greater within-
subject variability in MT (Sheridan et 
aI1987). This would suggest that the 
deficit in the generation of rapid 
aiming movements may be more than a 
basic failure to energise the muscle 
sufficiently, as Berardelli et al (1986) 
have argued. 
The impairment in the execution of 
movement in people with Parkinson's 
disease may derive from any or all of a 
number of defects such as incorre,ct 
computation of the required force, 
defective memory for computed forces, 
and deficits in the use of predictive 
strategies. 
Based upon the observations of the 
performance of ballistic and precision 
movements, it could be argued that the 
schema (Schmidt 1975), or basic 
algorithm, for a particular movement 
lID 
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remains intact, but that the generation 
of force is impaired. The failure to 
generate force correctly results in the 
lengthened MT in both rapid ballistic 
movements and the more controlled 
aiming movements. Over and above 
such defects in the execution of simple 
movements and more complicated 
precision movements, there may be 
other problems related to the smooth 
integration, sequencing and execution 
of a series of motor programs 
(Marsden 1982 and 1984). 
Execution of sequential and 
simultaneous movements in 
patients with Parkinson's 
disease 
Clinically, patients with Parkinson's 
disease have been demonstrated to 
have difficulty in executing more 
complex movements such as repetitive, 
concurrent or sequential motor 
actions. They have been reported to be 
unable to sustain repetitive motor 
action, that is, patients have been 
found to. be unable to continue to 
rapidly open or close the hand, to 
approximate the tip of the thumb to 
the pad of the index finger, or to tap 
the foot on the ground (Schwab et al 
1959, Wilson 1925). In addition, small 
handwriting, or micrographia, is 
associated with Parkinson's disease. All 
movements appear to progressively 
decrease in amplitude and to become 
slower in speed until they cease. 
However, the reasons for the 
impairment of more complex 
movements are equivocal. It may be 
that when added together the 
impairment in execution of each simple 
movement in the complex task 
exaggerates the defect in the total task. 
On the other hand, there may hea 
deficit in information processing and 
organisation of the motor pian, which 
results in greater difficulty in the 
performance of the complex task 
(Marsden 1982 and 1984). 
A pioneering investigation into the 
control of more complex conibinations 
of two or more tasks was undertaken 
by Schwab et al (1954). These authors 
asked the patients to trace the outline 
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of a triangle and to draw perpendicular 
lines with their dominant hand while 
squeezing the rubber bulb of a 
sphygmomanometer repetitively with 
the other hand. 
Apart from rapid fatigue in the 
repetitive task, the most striking effect 
noted was that the patients avoided 
executing both actions together. 
Instead they preferred to perform the 
tasks sequentially. Talland and Schwab 
(1964) used a similar task in which 
patients had tei press down a tally 
counter with the non-dominant hand 
and simultaneously pick up beads with 
a pair of tweezers using the opposite 
hand. Performance of these two 
manual tasks together markedly 
decreased the rate of counter pressing, 
but changed the rate of bead picking to 
a lesser extent. 
The results of Schwab and his 
colleagues (1954) reflected the motor 
problems of patients with Parkinson's 
disease, but their interpretation was 
complicated by confounding factors 
such as fatigue and differential 
attention demand. 
Recently, Benecke et al (1986) 
described a detailed study designed to 
investigate the deficit in simultaneous 
movements using much simpler tasks 
so that the patients did not need to 
switch attention. They examined 
isotonic flexion of the elbow from zero 
to 15 degrees, combined with either 
isometric squeezing of a force 
transducer between the fingers and 
thumb, or isotonic flexion of the index 
finger and thumb. 
Each movement was made separately, 
and the performance was then 
compared with that seen when both 
movements were made at the same 
time. Movement time was measured by 
recording the EMG activity of the 
corresponding muscles. 
Benecke et al (1986) demonstrated 
that patients with Parkinson's disease 
were slower than normal SUbjects in 
both the squeeze task and the flex task. 
This result provided support to the 
findings of previous workecl who had 
used isotonic ballistic movements at 
the wrist, elbow and shoulder (Draper 
andJohns 1964, Flowers 1975 and 
1976, Hallett and Khoshbin 1980). 
Furthermore, the work of Benecke 
and colleagues (1986) proved to be a 
pioneering study demonstrating that 
simple isometric movement was 
equally affected in patients with 
Parkinson's disease. However, these 
authors have provided no explanation 
for this finding. One possibility has 
been suggested by the findings of some 
physiological studies (Freund 1983, 
Freund and Beudingen 1978, Freund 
et al 1975) in which these various 
authors have indicated that the rate of 
rise in tension within a muscle is 
directly related to the increase in 
recruitment of the motor neurons. 
Normal individuals may achieve a 
rapid isometric contraction by the 
activation of more motor neurons 
simultaneously. In this way, the 
duration of the contraction, 
irrespective of the required tension, 
remains constant. 
Patients with Parkinson's disease may 
be unable to activate more motor 
neurons in this simultaneous fashion 
which may result in a prolongation of 
MT. It is interesting to note that this 
possibility does not appear to have 
been investigated to any extent in 
patients with Parkinson's disease. 
The important outcome identified 
from the study of Benecke et al (1986) 
was that those with Parkinson's disease 
had additional difficulty in performing 
two movements at the same time, over 
and above the deficits seen when each 
movement was performed separately. 
Benecke et al (1986) have suggested 
that the additional deficit seen in the 
performance of simultaneous 
movement might imply a difficulty in 
the integration or superimposition of 
two motor programs to form a motor 
plan. That is, the dysfunction may 
occur at the level of motor planning 
(Goldenberg et 311986, Sharpeet a1 
198J) and during the execution of the 
motor plan (Benecke et 311986, 
Marsden 1982) .. 
Ina subsequent study by Benecke et 
al (1987), subjects were instructed to 
perform the Same tasks separately and 
sequentially. As might be expected 
from the previous reports,patients 
were slower than their normal 
counterparts when each single 
movement was performed separately. 
There was a further decrease in speed 
when the two movements were 
executed sequentially. This was 
attributed to an increase in movement 
duration of each of the component 
movements, especially the second; and 
to an increase in the pause between the 
first and second movements. 
Benecke et al (1987) hypothesised 
that there might be a fundamental 
breakdown in the capacity to run a 
sequence of motor programs that 
comprises a motor plan. In particular, 
patients with Parkinson's disease might 
have difficulty in suppressing the 
previously irrelevant response and 
focusing attention on a new response 
(Flowers and Robertson 1985). As a 
result, these patients appear to have 
deficit in switching attention from one 
motor program to another in this 
sequential task. 
These deficits in sequencing two 
simple movements might be 
exacerbated if more than two 
movements have to be performed 
(Benecke et alI987). The third 
movement of a long sequence might be 
even slower, and have a longer pause 
than that between the first two 
movements, and so on for aD 
additional movements. This type of 
mechanism might explain the 
breakdown of repetitive movements in 
patients with Parkinson's disease 
(Schwab et al1959, Wilson 1925). 
This could further explain the clinical 
observations of the disruption of 
repetitive pronation/supination of the 
forearm, the slowing in changing from 
sitting to standing position and 
micrographia of handwriting in 
patients with Parkinson's disease 
(Marsden 1984). 
One interesting point stemming from 
the study of Benecke etal (1987) was 
that the amount of motor disturbance 
was strongly dependent on the 
combination of tasks. For example, the 
combination of two similar isotonic 
bal1isticmovements (isotonic flexion of 
the fingers and isotonic flexion of the 
elbow) was less affected than 
simultaneous isometric flexion of the 
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fingers and isotonic flexion of the 
elbow. 
It may be suggested that a 
combination of movements requiring a 
similar type of muscle contraction is 
less impaired. A combination of 
movements of different complexity or 
of different parameters (such as 
accuracy demand or movement 
amplitude) may result in a different 
impairment. However further 
information is required to establish this 
proposition and to increase the 
understanding of the dysfunction of 
complex movements in patients with 
Parkinson's disease. 
Summary and 
conclusion 
Reaction time and movement time 
are commonly employed parameters 
for the investigation of motor 
impairment in patients with 
Parkinson's disease. Examination of 
these measures has indicated that 
although such patients demonstrate 
delay in the initiation of simple RT 
tasks, no extra slowness is exhibited in 
the initiation of choice RT tasks. 
Patients with Parkinson's disease 
appear to have no deficit in the 
selection and formulation of a motor 
program. However, they may have 
problems in the organisation or 
translation of a motor program into 
appropriate muscle action prior to its 
initiation. 
Patients with Parkinson's disease 
have also been shown to demonstrate 
impairment in the execution of 
movements. The slowness in ballistic 
movements may result from 
inappropriate scaling of the agonist 
burst of muscle activity. The deficits in 
precision movements, on the other 
hand, are suggested to result from 
incorrect computation of the required 
force, defective predktive function or 
defective memory for the computed 
forces. . 
Finally, extra slowness has been 
demonstrated in the execution of 
sequential and simultaneous 
movements. This slowness might be 
due to a deficit in switching from one 
program to another within a motor 
plan in sequential movements or in 
superimposition of motor programs to 
form a motor plan in simultaneous 
movements. 
Although there has been extensive 
investigation of the motor impairment 
in those with Parkinson's disease, there 
still exists a lack of information in 
some areas such as the initiation of 
very simple isometric contractions and 
more complex simultaneous 
movements, as well as the execution of 
functional movements. Continuing 
study of the information processing 
abilities of people with Parkinson's 
disease is likely to contribute to a 
greater understanding of the motor 
and behavioral disorders in this patient 
population. 
References 
Adams JA (1971): A closed-loop theory of motor 
learning. Journol of Motor Behaviour 3: 111-
150. 
Adams JA and Goetz ET (1973): Feedback and 
practice as variables in error detection and 
correction. Journol of Motor Behaviour 5: 217-
224. 
Angel RW, Alston W and Higgins JR (1970): 
Control of movement in Parkinson's disease. 
Brain 93: 1-14. 
Baroni A, Benvenuti F, Fantini L, Pantaleo T and 
Urbani F (1984): Human ballistic arm 
abduction movements: effects of L-Dopa 
treatment in Parkinson's disease. Neurolag;y 34: 
868-876. 
Benecke R, RothwellJC, Dick PR, Day BL and 
Marsden CD (1986): Performance of 
simultaneous movements in patients with 
Parkinson's disease. Brai1l109: 739-757. 
Benecke R. RothwellJC, DickJPR, Day BL and 
Marsden CD (1987): Disturbance of 
sequential movements in patients with 
Parkinson's disease. Brain 110: 361-379. 
Berardelli A, Rothwell JC, Day BL and Marsden 
CD (1984): Movements not involved in 
posture are abnormal in Parkinson's disease. 
Neuroscience Letters 47: 47 -50. 
Berarclelli A, DickJPR, RothwellJC, DayBL and 
Marsden CD(1986): Scaling of the size of the 
first agonist EMG burst during rapid wrist 
movements inpatients with Parkinson'S 
disease.JournalofNeurolag;y, Neurosurgery and 
Prychiatry 49: 1273-1279. . 
Bloxham CA, Mindel TA and Frith CD (1984): 
htitiation and execution of predi¢table and 
unpredi¢table movements in Parkinson's 
disease. Bra;;" 107: 371-384. 
BrownSH and CookeJL (1981): Amplitude and 
ins.truction-dependentmodulation of 
. movement-related EMG aethiity in humans. 
Journal of Physiology 316: 97-107. 
Carter MC and Shapiro DC (1984): Control of 
sequential movements: Evidence for 
generalized motorprpgrams. Journal of 
Neurophysiology 52: 787-79.6. 
Crossman ERFW and Goodeve PJ (1963): 
Feedback control of hand-movement and 
Fitt's Law: Proceedings of the Experimental 
Society held in Oxford July, 1963. United 
Kingdom. 
Day BL, Dick]PRandMarsden CD (1984): Patients 
with Parkinson's disease can employ a 
predictive motor strategy.JournalofNeurology, 
Neurosurgerytmd Psychiatry 47: 1299-1306. 
DeLong MR, Georgopoulos AP and Crutcher 
MD (1983): Cortico-basal ganglia relations 
and coding of motor performance. 
ExperimentalBrain Research Supplementary 7: 
30-40. . 
DickJPR, CowanJMA, Day BL,KachiT,Rothwell 
JC and Marsden CD (1984): The 
corticomotoneurone connection is normal in 
Parkinson's disease. Nature 310: 407-409. 
Draper IT and Johns RJ (1964): The disordered 
movementin Parkinsonism and the effect of 
drug treatment. Bulletin of the Johns Hopkins 
Hospital 115: 465-480. 
Evarts EV and Tanji J (1974): Gating of motor-
cortex reflexes by prior instruction. Brain 
Research 71: 479-494. 
Evarts EV, Teravainen H and Caine DD (1981): 
Reaction time in Parkinson's disease. Brain 
104: 167-186. 
Falkenberg LE and Newell KM (1980): Relative 
contribution of movement time, amplitude, 
and velocity to response initiation. Journal of 
ExperimentalPsychology: HumanPerception and 
. Performance 6: 760-768. 
Fitts PM (1954): The information capaCIty of the 
human motor system in controlling the 
amplitude of movement. Journal of 
Experimental Psychology 47: 381-391. 
Flowers KA (197 5): Ballistic and corrective 
movements on an aiming task: Intention 
tremor and Parkinsonain movement disorders 
compared. Neurology 25: 413-421. 
FlowersKA(1976):Visual 'closed-loop' and 'open-
loop' chacteristicsof voluntary movement in 
patients with Parkinsonism and intention 
tremor. Brain 99: 261-310. 
Flowers KA (1978a): Some frequency responses 
characteristics of Parkinsonism. Brain 101: 19-
34. 
Flowers KA (1978b): Lack of prediction in the 
motor behaviour of Parkinsonism . Brain 10 1: 
35-52. 
Flowers KA and Robertson C (1985): The effect of 
Parkinson's disease on the ability to maintain 
a mentalset.Journal ofNeurology, Neurosurgery 
and Psychiatry 48: 517-529. 
Freund HJ (1983): Motor unit and muscle activity 
in volWltary motor contrtil.Physiology &views 
63: 387-428. 
Freund HJ and Buedingen H] (1978): The 
ORIGINAL ARTICLE 
relationship between speed and amplitude of 
the fastest voluntary contractions of human 
arm muscles. Experimental Brain Research 31: 
1-12. 
, 
Freund HJ, Buedingen HJ and Dietz V (1975): 
Activity of single motor units from human 
forearm muscles during voluntary isometric 
contractions. Journal of Neurophysiology 38: 
933-946. 
Glencross DJ (1973): Response .complexity and 
latency of different movement patterns. 
Journal of Motor Behaviour 5: 95-104. 
Glencross DJ (1977): The control of skilled 
movements. Psychological Bulletin 84: 1+29. 
Glencross DJ (1980): Levels and strategies of 
response organisation. In Stelmach GE and 
Requin] (Eds), Tutorials in Motor Behaviour. 
Armsterdam: North Holland, pp. 551-566. 
Glencross D and Tsouvallas M (1984): ProcesSing 
of proprioceptive information in Parkinson's 
diseasepatients.AnstralianJournalofPsychology 
36: 343-354. 
GoldenbergG, Wrmmer A,AuffEandSchnaberth 
G (1986): Impairment of motor planning in 
patients with Parkinson's disease. Evidence 
from ideomotor testing. Journal of Neurology, 
Neurosurgery and Psychiatry 49: 1266-1272. 
HallettM and Khoshbin S (1980): A physiological 
mechanism of bradykinesia. Brain 103: 301-
314. 
Hayes KC and Clarke AM (1978): Facilitation of 
late reflexes in humans during the preparatory 
period ofvoluntarymoveinent. BrainResearch 
153: 176-182. 
Heilman KM, Bowers D, Watson RT and Greer 
M (1976): Reaction times in Parkinson's 
disease. Archives of Ncurolof!J' 33: 13 9-140. 
Henry FM and Rogers DE (1960): Increased 
response.latency for.complicated movements 
and a Memory Drum theory of neuromotor 
reaction. Research Quarterly 31: 448-458. 
Horn~ DJ (1973): Sensorimotor control in 
Parkinsonians. Journal of Neurology, 
Neurosurgery and Psychiatry 36: 742-746. 
Joubert M and Barbeau A (1969): Akinesia in 
Parkinson's disease. In Barbeau A and 
BurnetteJR, (Eds), fugress in Neuro~genetics. 
International Congress series no. 175, 
Amsterdam: Excerpta Medica. pp. 336-376. 
Keele SW and Posner M (1968): Processing of 
feedback in rapid movements. Journal of 
Experimental Psychology 77: 155-158. 
KingHE(1959):Defectivepsychomotormovemen.t 
in Parkinson's disease: Exploratory 
observations. PerceptualandMotor Skills9: 326. 
Klapp ST (1975): Feedback versus motor 
programining In the control of aimed 
inovements.}ournalofExperimentaIPsychology: 
Human Perception and Performance 104: 147-
153. 
LakkeJPWF (1985): Axial apraxia in Parkinson's 
disease. Journal ofNeuroloiical Sciences 59: 37-
46. 
Laszlo]I and Livesey JP (1977): Task complexity, 
accuracy and re.action time. Journal of Motor 
Behaviour 9: 171-177. 
Marsden CD (1982): The mysterious motor 
function of the basal ganglia. Neurology 32: 14-
39. 
Marsden CD (1984): Which motor disorder in 
Parkinson's disease indicates the true motor 
function of the basal ganglia? In Evered D 
and O'Connor M (Eds), Functions of the 
Basal Ganglia. Ciba Foundation.Symposium. 
107: London: Pitman, pp. 225-241. 
Martin]P (1967): The basal ganglia and posture. 
London: Pitman Publishing. 
MeijerOGand RothK(1988): Comple<emovement 
behaviourtheaction~motorcontro'Versy.New 
York: Elsevier. 
Monsell S and Sternberg S (1976): The latency of 
short and rapid utterance.; Evidence for 
response preprogramming. Attention and 
performance. SeventhInternationalSyposium 
held at Senanque, August, 1976, France. 
Pew RW (1966): Acquisition of hierarchical control 
over temporal acquisition of skill. Journal of 
Experimental Psychology 71: 764-771. 
Pew RW (1974): Human perceptual-motor 
perfomance. In Kantowitz BH (Ed), Human 
information processing. Tutorials in 
performance and conlfTlition. New York: 
. Edbaum. 
Pew WP (1984): A distributed processing view of 
human motor control. In Prinz W and Sanders 
AF (Eds), Cognition and Motor Processes. 
BerIln Heidelberg: Spriner-Verlag. pp. 19-
27. . 
Rafal RD, Inhoff AW, Friedman ]H and 
Bernstein E (1987): Programming and 
execution of sequential movements in 
Parkinson.'s disease. Jaurnal of Neurology, 
Neurosurgery and Psychiatry 50: 1267-1273. 
Reed ES (1892): An outline of a theory of action 
systems.JournalofMotor Behaviour 14: 98-134. 
Schmidt RA (1975): A schema theory of discrete 
motor skill learning. Psychological R~iew 82: 
225-260. 
Schmidt RA (1976): Control process 'in motor 
skills. Exercise and Sport Sciences Reviews4: 229-
261. 
SchmidtRA(1980): Past and future issues in motor 
programming. Research Quarterly for Exercise 
and Sport 5: 122-140. 
SchmidtRA (1982): Motor Control and Learning. 
Illinos: Human Kinetic·Publishers. 
Schmidt RA and Russell DG (1972): Movement 
velocity and movement time as determiners 
of the degree of preprogramming in simple 
movements.JournalofExperimentalPsychology 
96: 315-320. 
Schmidt RA, Zelaznik liN and FrankJS (1978): 
Source of inaccuracy in rapid movement. In 
Stelmach GE (Ed.), Information processing 
in motor control and learning, New York: 
Academic Press,pp. 183-201.· 
SchwabRS, Chafetz ME and Walker S (1954): 
Control of two simultaneous voluntary motor 
acts in nonnals and Parkinsonism. Archives of 
Neurology and Psychology 72: 591-598. 
Schwab RS, England AC and Peterson E (1959): 
Akinesia in Parkinson's disease. Neurology 9: 
65-72. 
SharpeMH, CennakSAandSaxDS (1983): Motor 
planning in Parkinson patients. 
Neuropsychologia 21: 455-462. 
Sheridan MR (1981): Response programming and 
reaction time. Journal of Motor Behtroiftur 13: 
161-176. 
Sheridan MR, Flowers KA and Hurrell J (1987): 
Programming and execution of movement in 
Parkinson's disease. BrainllO: 1247-1271. 
Stelmach GE and Diggles VA (1982): Control 
theories in motor behaviour. Acta Psychologica 
50: 83-105. 
Stelmach GE, Worringham CJ and Strand EA 
(1986): Movementpreparation in Parkinson's 
disease, theuse of advanced information. Brain 
109: ll74-ll94. 
Sternberg S, Monsell S, Knoll RL and Wright EC 
(1978): The latency and duration of rapid 
movement sequences: Comparisons of speech 
and typewritting. In Stelmach GE (Ed.), 
Infonnation processing in motor control and 
learning New York: Academic Press, pp 118-
136. 
Summers JJ (1989): Motor Program. In Holding 
DH (Ed.), Human Skills, New York:John 
Wiley and Sons Limited, pp. 49-69. 
Talland GA (1963): Manual skill in Parkinson's 
disease. Geriatrics 18: 613-620. 
Talland GAand Schwab RS (1964): Perfonnance 
with multiple sets in Parkinson's disease. 
Neuropsychologia 2: 45-53. 
Tang A and Rymer WZ (1981): Abnormal force-
EMGrelations in pareticlimbf ofhemiparetic 
subjects. Journal of Neurology, Neurosurgery 
and Psychiatry 44: 690-698. 
TanjiJ and Kurata K (1979): Neuronal activity in 
the cortical supplementary motor area related 
with distal and proximal forelimb movements. 
Neuroscience Letters 12: 201-206. 
WarabiT, NodaH, YanagisawaN, TashiroKand 
Shindo R (1986): Changes in sensorimotor 
function associated with degree of 
bradykinesiaofparkinson's disease. Brain 109: 
1209-1224. 
Weiss AD (1965): The locus of reaction time 
change with set, motivation and age. ]emrnal 
ofGerpntology 20: 60-64 
Weinrich M, Koch K, GarciaF and Angel RW 
(1988): Axial versus distal motor impairment 
in Parkinson's disease. Neurology 38:540-545. 
WIlson SAK (1925): Disorders of motility and 
muscle tone, with special reference.to the 
striatum. Lancet2: 1-53. 
ORIGINAL ARTICLE 
An emergent or dynamical systems view of 
movement dysfunction (continued) 
From Page 5 
experimental and descriptive studies of 
motor behavior in the disabled, such as 
the study by Bohannon and Waldon, 
join other scientists in providing the 
necessary information upon which 
rehabilitation must be based. 
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